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/ 7ST OF ABBREVIATIONS 



^■pj « - Aft and Plzhhko T zchniquz 

ASCII - Ame.iic.aii Standard Code, hoi Intimation Intzifiacz 

BAT - Binaiy Addiziiing Tzchniquz 

%FM - Bit-mappzd Fiamz Mzmoiy 

BP MS - Bi-Polai MonopuliZ Stiobe. 

CD - Column Viivzi 

qq - Chaiactzi GznZiatoi 

Ql - Contiol Logic 

CMOS - Complzmzntaiy Mita.l-Ox.idz Semiconductor 

CNPC -■ Cholzitziic-hJ zmatic PhaiZ Changz 

CNPC-GH . - CNPC-Guz!>t-Ho>>t 

CSG . - Column Signal GznZiatoi 

■pAC - "Digital to Analog Convzitzi 

■DDF - Vibplay Data FoimattZi 

X>PC - Vye Phat>z Changz 

ECB " - Etzctiicallij Controlled Biizfciingzncz 

EEPV.OM - Electrically Eia.ia.bfe Viogiammablz 

"Read Only Mzmoiy 

EPP.OM - Eiaiablz Piogiammablz "Read Only Mzmoiy 

FEE - Feno Elzctiic E^ect 

FIFO - Fir*>t In Firht Out 

FMT - Frame Multiplexing Tzchniquz [al(>o leaned t 

a* SFMT] . 

GH - GuZht Holt Vaplayi 

GHE - Gueti Hoit EUect 



HAT 

HATi 

HST 

IAVT 

1APT-R 

2C4 
IHAT 
. • IHAT-S3 

1HAT-S4 

ITO 
LCV6 

LM 

LSB 

MIM 

MSB 

NIC 

OST- 

PCT 

PPT 

RAM 

RCR 

RV 

ROM 

RPAT 

RPAT6 



Hijbiid Addiziiing Tzchniquz 

Hijbiid Addicting Ttc.hncqu.z6 

Half-Szltct Technique. 

Impiovzd Alt and Pluhko Tzchniquz 

IAVT with rzduczd Miction latio; uhtd fat compell- 
ing thz iuppty voltagz izquhzmznt orf a. tzchniquz 
• with IAPT, foi thz iamt izlzction latio 

Intzgxatzd Chcuiti 

Impxovzd Hijbiid Addizihing Tzchniquz 

IHAT - Sptcial ca.it with 3-voltagz Izvzh in thz 
column uicLVtioimh 

IHAT - Sptcial ca6Z with 4-voltagz tiviti in thz column 
wavz^oimi 

Indium Tin Oxide 
Liquid Cnjital Viiplayi 

Llgznd Mtmoiy 

Lza6t Significant Bit 

Mztal-lniulatoi-Mztal 

Molt Significant Bit. 

Nzmatic Liquid Cnjital 

Onz-thud Stltct Tzchniquz 

PuUz-Coincidincz Tzchniquz 
P 6 zudo -"Random Tzchniquz 
Random Acccii Ale moiy 
Rz-Ciiculating Rzgi6tzi 
Row Vuvzii 
Rtad Only K\zmo\y 

RthUictzd Pattzin Addiziiing Tzchniquz 
Rtitiictzd Vattzin Addiziiing Tzchniquz 



■RVAT-NC 
V.VAT-PC 
SEAT 

SEE-Vibplayb 

SBE-180 
SEE - 270 
SG 
SSE 

STNLCVb 
T7AT 
. TFT 
TFMS 
TNFE 
TN-GH 
TNLCVb 
UV-EPTiOM 

VLG 

(JAM 

CUM 



V.PAT - Negative. Contiabt 

V.PAT - Pobitivv Contiabt 

Switching Eia-b Uottage Addtebbing Technique 

Supei-twibted Bhe.fainge.nce. Vibplaijb 

SEE Vibplay with U0° twiit 
SEE Vtiplay with 270° twibt. 
Sequence Gene.ia.tot 
Smectic Stoxage E^ect 

" Supei-T wilted Nematic LCVb [SEE VUpla.yb) 
■Two Frequency Addiebbing Technique 
Thin Film Txanbibtoi 
Two Field tAonopuUe Stiobe 
Twibted Nematic Field E^fact 
Twisted Nema-tic Guebt Holt 
Twisted Hematic LCVb 

Ultxaviolet Eia.ba.ble Piogiammablc "Read 
Memoiy 

Uoltage level Geneiatot 
{jJave&oim Acquibition Module 
lUave&oim Memoiy. 



LIST OF SYMBOLS 



A - numbo.1 o& fmie.4 a pixei get* a ^avouiabfe vaffage. duxing 

2 {/vM) oi Z^~^ time inteiuak 

A- - iium6di tone* a pixef gef4 a davowiabte. voltagz, ivhzn 

iow-4e£ec£ pafiem4 with i mtimatzhzh axz zonudzxzd. 

A - Ace eqn. (3-7 23) in page. 3.55 

B '•- numbzx tone* a pixei get* a*i un^auoam6^e uoftage 

dining 2^"'^ 0 i 2^"^ time inteivafi coniid&izd. 

B- - numbzx o& timzh a pixzt gztb an un&avouxabtz vottagz, 

when C^. iow-4efeci pattainh with i mii>matchzi> axz conhidzizd. 

C- - numbzx o& xow-hzlzzt pattzxnf, with i mihmatchzL. 

C* - 4ee eqn. (3J2J) in page 3.55. 

D - 4ee eqn. (3.J47) in page 3.63. 

E - 4ee eqn. (3.745) in page 3.53. 

F - 4ea eqn. 13.749) in page 3.63. 

G - 4ee zqn. (3.150) in page 3.53. 

K - 4quaie 0($ t/ie Aeiecfion tatio ("R). 

h>\ - numbzx o(J columnh in a matxix diiptay, i.e., number 0|$ Aignaf 

eiecfiodei. 

hi - numbzx od addxzhb tinzh muttiptzxzd, i.e., numbzx o{> scanned 

linzt>; Jiam6ei o& xowb in thz matxix diiptay. . 

hi £ - Numbzx tzadh to thz display. 

N - Thz mimfaei ok addxzi*, tinti to bz mu.ttiptzx.zd uiing APT ox IAVT 

ZC[ 

in oxdzx to gzt thz 4ame Aefection tatio a4 that oi thz tzchniquz 
bzing aompaxzd. 



Pitch 

Si tact ion xatio 

deduced voltagz noxmalizzd to the. V , 

th 

amplitudz o& the. column [Ugnal] voltagz 
positive iuppltj voltage. 
ne.ga.tivi lupplij voltagz 

amplitude oithi column voltage ujhzn thz numbz, oi mUmatchu a i 
amplitude. o& the. column voltage, in IHAT-S3. 
amplitude orf the. column voltage, in IHAT-S4 Uee page 3.52). 
amplitude otf thi column voltagz in 1HAT-S4 Uee page 3.52)/ 
amplitudz o& the iou)-6zlzct voltage. 

hupply voltagz in SAT. " 
supply voltagz xzquhzmznt oi the adducing technique. 
Mutation voltagz [alio tetfened" to ai V 9Q ) 
thizihold voltagz [alio izbzuzd to ai> V ]Q ) 
Numba oi iztzctzd pixzh in a column. 
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HAT lAPT 
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S6.60 
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3.2.4. VAicuiuon 



Thz mzriU and dementi oi HAT arz given Tofi/e 3.*. T^e HAT 
extend* tte BAT ^ higher value., oi N and can be conudzrzd a, an intzr- 
mzdiatz 6tep bztwzzn thz BAT and thz IHAT, dhcuuzd in thz next action. 

3.3, IMPROVED HVBTIW AVVRESS1MG TECHNIQUE [THAT] 

Thz WAT pxopoutd in thi, action a similar to thz HAT dhcu^zd 
zarlizr, except ior thz chat* oi thz column voltagz,. Thi, technique ha, 
thz iamz ,zlzction ratio at that oi thz conventional APT or 1APT, which 
i, highzr than that orf HAT. A ' conuderablz reduction in thz Supply voltagz 
rzquiremznt i, po „iblz in I HAT, a* compared to 1AVT or ATT. In APT, -thz 
supply voltage requirzd incrza,z, with thz numbzr o(. addrz,, linz, fA/J. Thz 
1HAT prz,zntzd hzrz, rzquirz, a loujzr iupply voltagz a, compared to 2APT 
zvzn when thz value oi A/ i, largz. Important a,pzct, oi IHAT arz con,i- 
dzrzd in thil ,zction. 

3-3. 7 . Background 

Thz numbzr oi voltagz Izvzl, in thz column wavzfarm i, rtUrictzd 
■to ju,t two in EAT and, HAT. l^owzvzr, thz column voltagz can bz cho^n 
dzpznding on thz numbzr o{ mumatche, [i] bztwzzn thz row-,elzct and 
thz data pattern,. Thz IHAT di,cu,,zd hzre, ha, multiplz voltage Izvzl, 
in thz column' wavziqrm and thz choicz oi thz column voltagz depend, on 
thz value o & i. Hencz, both thz amplitudz and thz Ugn H thz column voltagz' 
dzpznd on thz valuz o { i in IHAT, whilz only thz Ugn oi thz column voltagz 
i,cho,zn according to thz value oi i in HAT. Thi, increa,zd ' irzzdom \e,ult, 
in thz fallowing improvement, in IHAT a, comparzd to HAT 
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Tabiz 3.S. Mziiti cuid Vzmziiti otf HAT 

Mziiti 

Extzniian oi BAT ioi high valuzi o£ N ; 
Good pbczl biightnzu wniloimity ; 
Natural dc-fazz opzxation ; 

Lowzi iupply voltagz ieijtiiie.ment tti compaxzd to IAPT 
&oi limited valuzi pi W ; 

High duty cyclz ai compaied to IAPT - 
Vzmziiti 

Szlzction tatio lowzi than that oi IAPT ; 

Numbzi oi timz intzivali to complztz a zyclz highzi 
than IAPT . 
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A highe.i ie taction xat'io ; 

- A coniidzxablz reduction in thz supply voltagz xzquixzmznt ai compel- 
led to 2APT fax all valua o& N by a pT.opz.-i choicz in thz value. o£ 
I, and 

: - The value. o& I can be. odd ox even ai againit odd only in the. caiz. 
o& HAT. 

3.3.2. Tzchniquz 

Thz N xowi to bz mu.ltiple.xzd hi a diiplay ait dividzd into hl/lnon- 
intzxizcting iubgxoupi, zach coniiiting otf I addxza linzi. Hzxz again, thz - 
data to bz diiplayzd in thz izlzctzd iubgxoup in any onz o& thz columni ii 
an l-bit woxd xzpxzizntzd by , 

d kl+l' d kl+2 ' d kl+l : d kl+j * 0 °\ 1 " " ' < 3 '* 9 ' 

ivhzxzin, logic. 0 and logic 1 xzpxziznt thz OFF and ON pixzli xzipzctivzly. 
Thz xow-izlzct pattzin ii again an l-bit woxd xzpxzizntzd by, 

%l+V a kl+2 ' ' a klH ; a kt+j = 0 ox 1 [3.50] 

Che. valuz orf k xangzi faom 0 to [\N/Q - J J coixziponding to thz izlzctzd 
iubgxoupi. 

Thz ZHAT ii iimilax to HAT except fax thz choicz o£ thz column 
voltagz. Thz vaxioui ifepi involvzd in 1HAT axz givzn bzlou):- 

i) Onz iubgxoup ii izlzctzd at a timz fax addxzuing ; 

ii) An l-bit woxd a choiZn ai thz xow-izlzct pattzxn ; 

Hi) Thz xow-izlzct voltagzi axe -U^ fax logic 0 and fax logic- 7, 

ai/u'te thz (N-l) unizlzctzd xowi ate gxoundzd ; 
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M Thz i^zlzct and thz data patten, « thz tzlzctzd *u6 fl «, U p 

compaterf Wi-^-fc* aung digital compaiatoit, zxcluuvz-OH 

"J TAe «um6ct otf mUmatchu i bztwzzn thue. two pattzini u dztziminzd 
by counting thz numbzi 0 f axe&wve-OR saiea cwtA *, 5 <c 7 ouipuf ; 

Thz tfzpi (iv) and \v) can bz iummaiizzd tu &ollowi:~ 
l 

«J TAe coAurm uofl^e A cAo.e* to 6e ^. f « tAe «um6e< 0 rf ^ u 



u«) TAe co^mn u 0 « as e j OT e acA column in thz matrix U dztziminzd 
indzpzndzntly by izpzating thz itzpi [iv] - [vi) ; 

vui] Both thz xow and column voltagzi aiz applizd iimultanzouily to thz 
matrix display {01 a timz duration T ; 

«J A nzw ww-ie.le.ct pattzin h choizn and thz column voltagziaiz 
dztziminzd uiing itzpi [iv] - [vi). Thz new iow and column voltagzi 
aiz applizd to thz diiplay £01 an tqual duiation o£ timz at thz znd 
oi T ; 

xj A cycle, h complztzd whzn all thz iubg'ioupi (= N/l) aiz bzlzctzd 
with all thz 2*- low-izlzct pattzini oncz ; 

x.i) Thz dUplay U izfaz&hzd by .izpzating thh cycle, continuou&ly. 

Thz timz duiation T ihould bz imall ai compaizd to thz izt>pont>z 
timz o& thz diiplay, in oidzi to zniuiz -thz im6 bzhavioi o 0 ' the. display. Thz 
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ZHA; has the iame ixeedom as in the case oi HAT in the choice o£ 'the 
xow-select sequence and tAe 4a6gioup ietectton ai given below :- 

- The sequence in which the 2 l xow-ielzct patter axe applied to 
the subgxoup eon be changed as in the case o& BAT. 

- A subgxoup eon be selected with l[ xow-selzct pattzxns consecuti- 
vely beioxe fleeting the next subgxoup. Hzxe, J can xange from 
0 to L 

- Thz oxdzx in which the Subgxoups ate elected can also be changed 
a* long as all the subgxoups axe selected with all the l l xow-selzct 
patterns. 

The xms voltage* acxoss similax pixels axe equal in all the cases discussed 
above, bat the ixequency components axe di^exent in each caie. One oi 
these combination can be chosen ai the ' addxessing sequence to suit the 
display chaxactexistics. 

The column voltage (A rfot the vaxious values I and i axe given in 
Table 3.9. The column voltages hexe axe noxmalizzd to V Q . Adxessing wavz- 
ioxms oi 1HAT with 1=2 and 3 axe shown in Fig. 3.4 and 3.5 respectively, 
ai typical examples. The natural dc-{xee opexation oi WAT is evident 
ixom the wavzioxmi acxoss the. pixels illustxated in Fig. 3.4. 

3.3.3. Analysis 

Let -l^ and +^ be the xow-select voltages oi the l-bit woxd. Thz 
[N-l] xows in the unselecttd Subgxoups axe gxounded. Let the column voltage, 
be V L , coxxesponding to the i mismatches between the xow-select and column 
voltages. Let the sign oi the column voltage be in-phase with the xow-select 
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Tablz 3.9. Column vatta.ge.h o£ IHAT ^ot vaiioui valuzi oi I and i 
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Ta6te. 3.10. Supply voltage. •tequaementA 
orf IHAT Vi. APT fat N > I 1 
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ROW (1+ 1} | +2 



I :hp- 



n 



J 



A CYCLE 



Vr+-V6 
+Vr 
Vo 
0 

-V 2 
-Vr 
-CVrt-V 2 ) 



+ v r 
Vo 
-HVr_V 2 ) 
O 

-<Vr-Vo) 

-V 2 

-V r 



1=0 

v 2 « 1 v 0 = -i 

4- ' 1 

r = [(N y + n/{N T -o] T 

I HAT ,1=2 



Fig. 3.4. Typical addzziimg u)a\j<Lhoim>> otf IHAT, ivhzn I = 2 . 
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A CYCLE 




(I + 1) 1h 

SUBSET 
SELECTED 



I Ih 

SUBSET 
SELECTED 



- h . ROW 

|^ (ll+l) 



ROW 
(11 + 2) 



ROW 
(II +3) 



ROW 
(IH) 1 + 1 



ROW 

(1+01+2 



ROW 
( I + t) 1+3 



V r » ~ • V 0 =-1 

V | " ~T V » =1/3 ond V s = 1 




IHAT ,1=3 



F<fl. 3.5. T^ca/ addling waue^tmi otf IHAT, whin I 
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vottagz cozzZipondbig to logic 0. The initantanzoui vottagz aczoii thz pixzti 
azz zithzz \U + U.\ oz \U - U.\. 

Thz numbzi o 0 ' timzi thz l-bit zow-izltct and data pattzim di^zi 
by i biti ii baizd on e.qn.13.5). Thai, 



B. 



Hi -1)1 ■ 

Hit - i)l l 3 - 5 ^) 



I I I 

V 0N Wmh) A.((Vl// + ^ B.[V -V/ + ^ ^- 7HA.+SJ U*]/[2 l H/l) ( slssj 

t=0 1-0 . i=0 <■<■<■ II 



i 

< 
C 
€ 

C 



r> - il C 
" <i U - ill < 3 - 5 ^ 

C 

Thz nam6ei otf ti'mei a pixzl gzti a iavouxablz voltagz, whzn thz numbzi o& c 

miimatchzi in thz column ii i ii baizd on zqn. {3.9) ai givzn bzlow:- ^ 

A - U-7M 

' " TiU - i - jj » - (3.53) i? 



Simila.zly, thz. numbzi o& timzi a. ■ pixzl gzti an unia.vouia.blz voltagz oi 
e.zioz, within thz low-izlzct pattzzni coniidzzzd ii givzn bzlowz- q 



C 
C 



Thz OH pixzli gzt a voltagz oi \U + duiing A^ timz intzxvali and 

a. vottagz \V X - duiing B. timz intzivali oat oi thz totaU {= A^ + B.) 

timz intziva.16 conudzizd, whzn thz coiiZiponding iow ii izlzctzd. ThziZ 
pixzli alio gzt a vottagz \U.\ dazing (j-7)C^ timz intzivali, whzn thz '. C 

^JitZiponding tow ii unizlzctzd. Thz imi voltage, acioii the. ON pixzl e " 
ih dztziminzd by iumming thziz voliagzi (Jot all poiiiblz valuz oi miimatchzi, 
i.z:-, iummation ovzi i iiom 0 to I, ai iollouii:- ' 



C. 

c. 



Thz imi voltagz acioii an OFF pixzl can be. anivzd at in a iimila.i way ai 
iollowi : - e" 

e 

c 

c: 



UH4AWLU._«.»!" JJ^JUUJ UU_ . L! JDUlUi WrUra .1 .1. arrrc 1 
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i=0 1=0 i=0 i * '/ 

The. tatto U QN /U 0FF ihould bz a maximum in oidzi to axihiivz a good 
tiait in the. dhptay. 



W/J [3.56) 



con- 



J " ~< ~ m : 2 



Thii latio iiotf thz faim 



L "OFF. 



6j - l z 



\3.SS) 



and 



13.59) 



(3.<50) 



T/ie fallowing equation, mu.it bz iatilfczd loi obtaining an optimum izlzction 
latio. 



and 



(3.<5 7J 



vuhztz, 



1U 



1U-- 



ioi i - 0 to I 



% ^ (A, * 8 J 
ftf-J.lA^ + B-J .'v. 



[3.62) 

[3.63] 
[3.64] 
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and 



^ = . t ^ (A - - B.J V. [3.65} 

^ - 2V t IA. -8-J (3.66) 



The fallowing xzlation i& obtainzd by tubitituting {ox {^, {'^ and {'^ in 

. i i 

£qn.(3.67) 

* i ■ 

{..2^ lA.-8.Jl/. = [2U ^ (A. + SJjZV, ^ (A. - B JW . (3.6?) 

The (Jo^ouJing illation id wzll known {xom the piopeittei o{ binomicd co- 
e^icienti:- v 

3 (A. + B.) - i C. - ^ TTTJ^lp- = Z ' f^ 91 

Hence, 

rf 7 - 2 U+7) V 2 (3.70) 

The {oUowing zquationi axz obtainzd by iubUituting {ox {'^^ and {^ m 
zqnb. [3.62) 

^ - B.) = 2^-lA. + B.)U.,$ Z {oi ail i't> (3.77) 

Hence, 

(A - - B.J 2A/rf 
(A. t B .)l. -TO^f- - con*tont ^ off (3.72J 

A te.la.tion between the column voltagd {ox i and j mii.matc.hzi can be 
obtained, 4-mce t/ie tetm on the light hand iidz & a. conitant in the above 
e.qt±ation. Hence, 
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[A i ' V IA,- ~ B ) 

(A - + BAU. ' (A. + B-jV. (3-73) 
t < < . i S J 

OX 

Vj_ IA ■ - SJ U. ♦ B.J 

u ; " ia ; , 5 ., Wr b .j . >3 - ?4 > 

The. column voltage.* can bz normalized with any one. o£ the. column voltages. 
However, it is convenient to normalize thzm to V , i.e.., the. column voltage, 
corresponding to ze.ro mismatches. Sub6tituting fat A Q [=7] and B„ [=0] 
in zqn. [3.74], the. column "voltage, {ox i mismatchzs is, 



(A. - 8 J 

U l s ~ ~ V (3 75) 

This can bz farthzr sirnplifazd by substituting far A^ and E. faom zqns. 
[3.53) and [3.54): Hencz, 

v. - " : ** v 



1 U 0 t 3 -^} 



It canbz shown [AppendixS.a) that 

U [l-i) - "Of 13-7?) 

Hzncz, thz column voltages fax i and [l-i) mismatches havz the Samz ampli- 
tudz and they difazr only in phasz [sign). Thz numbzx o& zrroxs in a column 
is madz to bz thz Samz fax i and [l-i) mismatchzs in both BAT and HAT fay 
a pxopzx choicz otf thz polarity oi thz' column voltage. A similar condition 
is imposzd hzrz by zqn. [3.77). 

Thz equation [3.68} can bz rzwrittzn as fallows by Substituting fai 
faom zqn. [3.59):- 
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\t\ i IA. + B ) = f ^ (A. + 8 JV? [3.7S) 
2 

Howevei, ii obtcimd friom eon. (3.75) ai faUoivi:- 

2 l^-B/ 2 

* (A. + Bf ° 

Hence, the eqn. [3.?S) becomes, 

V 2 ^ (A- * B J - f ^ — S i- V 2 [3.S01 

T/ie. fallowing is.ia.tion ii obtained by lubitituting fat A- and B- faom eqni. 
(3.53) and \3.54) in the above equation. 

It can fae ihown [Appendix 36 J t/iai 

i „ . i u- m u- g<) 2 . j l3X9 . 

> 0 i'.ti-i\i - f 0 i'.U-i): - 2 [3 ' S2) 

Hence, 

The ie.le.dion tatio ii a maximum fai the fallowing conditions :- 
and 

V. = £f-^ f 0 .' (3.S5) 

T/ie function ^ ^om eqn. \3.60) can be modified to the fallowing faim by 
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3.« 



,2 



(A; + S.J • 



[3.i*J 



Z£ can 6e ihown [Appzndix 3.cJ tta£ 



* (A. - s.r 

<*0 (A- + B-J 



(3.8?) 



Hence, 



(3.88) 



Sabitituting fa V t uiin 3 e?n. (3.*4J,. 



/ 2 ° 



• (3.#9J 



TAe .e/ec^on A obtain* by Stating fa 6] ^ ^ ai ; ng ^ [3JQ] 

and (3.89) in e.qn.(3.S8) 



^OFF 



I 1 ° £ o 

/ ° I o 



[3.90] 



01 



-if/2 



A, 7/2 - 7 



(3.97) 



Tne ^ec* 0M A tfce a, o< tAe .APT * IAP7. T fc& u 

the. maximum valui pouibli fa any addling tecftn^ae f 59 J. Hoceve,, 
con,p^ o« *ne column ^otm A m 0 « « 1HAT, Un^ thz numbzi 
oi column volt,g^ U (1,1) **** o 6 jaU Z in HAT. T*e ^ oi thz aollmn 
voitzge. V. ii a6iumzd t0 bz in _ ph ^ w . th ^ 10tu . 4e/e£t ceMwpon _ 



RNgngoin j <xp 224091 7A i > 



ding to logic' &. The column voitage*, ate normalized to V , where -V U hoi 
logic 0 and +V ii> iot logic 1 hi the. l-bit 10uJ-ie.le.ct pattern. Thii ii given 
in Table 3.9. 

The. imh voltage*, acton the. ON and OFF pixete, when the selection 
tatio ii a maximum axe ai iollowi:- 



and 



2 i+1 V* o lN + N m )t 


1/2 


' 2[N * N 1/Z ) 


l Z Z l N 




Nl 




7/2 


* 2\N - N VZ ) 


l Z z L u. 




Nl 



4/2 

' U Q ■ [3.92) 



7/2 



V Q (3.93) 



The OFF pixels in the display ate biased neat in order to obtain a 

good contract tatio. Hence, 

OL, [3.94) 



V 



OFF 



th 



01 



v - \—tLL 

0 \_2[N - N 



7/2, 



7/2 



V 



th 



13.95) 



ne lupply voltage tequite.me.nt ii determined by the maximum iwing in 
the. addtealng waveiotmi. The. amplitude. oi the tow lelect voltage If^J 
i6 lower than V Q iot N< l Z , ii the lame, ai V Q iot N = l Z and ii gteatet 
than V Q iot N> I 1 . The column voltagei iot 1^0 ate howevet lowet ot 
equal to .V [Table 3.9). Hence, the iupply voltage oi WAT ii calculated 
iot two tangei oi N ai given below:- 



Supply " HAT] = ZV o 



iot V 



13.96) 



and 
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3. 



ZU = 2^- 



1/2 



u 0 not A/^f 2 



(3.9?J 



Hewce, 



(5.9IJ 



euicf 



T/ie. iuppfy vottage. qi ATT rfo-r a 



(3.99) 



60U0W6: 



companion 4 obtained from <Lqn. [ 2 . 17 ] 



U 6app!y^T) - 



2 A/ 



7/2 





4A/ 




.21/ - A/" 7/Z J. 



Tht supply vottagz Kquhzmint o& IHAT h "cornpaizd with 
the. failowing lalioz- 



7/2 

[3.100] 
that 06 ATT uiing 



V Supply {APT) 



IP 
i^ /2 



{3.101} 



lot N^i 2 
lot N^l Z 

U met « ptope , ao , c£ H t ^ a ^ w _ r(]£ ^ 

ol WAT <„ .0,10^ „a^ of , , Wi/ f, Me compate , 
««t o< APT ,„ rate Ffera tW4 taWe> it . 4 cfeai ^ Kqa .^ 

a louizi iupply vrttagz ai computed to APT. . 

The. 1APT u poputai it duz to (U low» .apply vottzgt tt?t u« T 

™ ! ^ ZOm ^ d U «««. ttt <W« -«a S e IHAT u aJi,o 

compaxtd with thai o& 1APT. 
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Thz tupply voltage ofi ZAP" « «ca«erf e 9 aa« 0 « |?. 7 ,j 

PPty L2U - N- ]/2 )l V2 {3 ' 102] 



Hzncz, 



[3.103] 



■ The. .apply voltagz tenement o< ZHAT A compared ^ t Aa t I APT fan 

UM ' OU4 Ua ' Ue4 Fcfl*. 3., ancf 3.7. Tfcft <o|te(W&fl ^ 

ate ewc/enf from thziz iiguxu-.- 

- Thz eduction in thz lupply voltagz U maximum cuhzn A; - /, Md 

- It h pouibte to azhizvz a zonudzxab'lz eduction in thz pocuet .apply 
voltage, a, cpmpaterf to IAVT by a p,o P z, ' zhoicz d thz valaz o£ 
I. 

Tabiz 3.11 givzi thz valuz of i Izading to a good eduction in thz Supply 
voltagz lo* a widz vmgz orf valuzi 0 rf N . Fxom thh ^ it u ^ ^ 
^HAT with l = ? i 6 qaf - te - adzquatz fot a cu^de. ,a* s e, e ip ecua% ^ high 
valuz* 06 U [N >49). Thz .apply voltagz incza.z. uUth SJ in gznz,al. It 
A important to notz that IHAT ,zoui^ a zon.idz.ably lovzi .apply voltagz 
a. zompa.zd to IAVT, „hzn a < ew thousand linz. „e maltiplzxzd. 

3.3.4. Vi&cjjL&Juon 

Thz mz.it. and dzmz.it. 0 { IHAT a, compa.zd to IAVT a.z givzn in 
Tablz 3.12. JHAT a ioajz. .apply voltagz a, zompa.zd to IAVT, 
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Table. 3.11. Toaible. valuta o& I, (01 dffletent Heading to a 
good induction in the lupply voitage. ie.quite.mznt 



A/ 


I 


x 100H 

V t , conitant 
in 


No. oi vol- 
1 tagz /ewe/4 
in the 
addizuing 
UJavz^oimi 


No. oi time. 

intzivali 
in a cycle. o(, 
11HAT)/11APT1 


4 


2 


94.2S 


3- 


1 . 


9 


3 - 


iS.SO 


5 


4/3 


J2 


3.4 


19.60 


7,8 


4/3, g/4 


)6 


4 


SO. 00 


5 


S/4 


20 


4,5 


11.73 


S,9 


t/4, 16/5 


25 


5 ' 


74.54 


7 


16/5 ' 


30 


5,6 


75.63 


• 9,10 


16/5, 32/6 


36 


6 


69.99 


* 


32/6 


42 


6,7 


70.74 


10,11 


32/6, 64/7 


49 


7 


66.14 


9 


64/7 


70 


7 


67.52 


11 


64/7 


140 


7 


69.70 


11 


64/7 


2S0 


7 


71.33 


11 


64/7 


560 


7 


72.59 


11 


64/7 


1120 


7 


71.40 


11 


64/7 


2240 


7 


74.03 


n 


64/7 


44S0 


7 


74.41 


11 


64/7 
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Tablz 3.12. Meuii and VtmZuti o& IHAT a.i compaie.d to !APT 



Me.xiti 

Good induction in hupply voltagz poiiiblz by ptopet 
c/ictce. in the. valuz 04 I ; - 

Settet pix&l biightnzii unifaoimity by chooiing icanning 
iequence. to'match diiplay dianactziittia ; 

A/atum< cfc-^tee opetation ; 

Htg/iet c/uii/ cycte. . 

Wum6e.t vo&age »i t/ie. co/umn wauejjoimi 1*4 (/+>) 

aoaimt ^out tri I APT ; 

Wam6et £cme oiietvafi to complztz. a. cyclz hcghzz by a. 
&ac.toi [2 U ' 1] /t] . 



-- "7, 
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3. S] 



upecfeO, a high ^ „ w . H<)OTl , et , (; , e comp&x< - t ,, 0 , ^ 

to 5 enem£e £ne co^mn u/avefowtt. 
3-4. 1HAT - SPECIAL CASES [1HAT-S) 

Th<L 1HAT pre.ienttd in the previous Action * well suited fa multi- 
pi*.,^ TMLCVi, herein the *e&ctto« «t& * « < mp0T ^ t paW(L ^ 

Hence, a Jetton -ratio lower than that ol MAT or 1AVT is acceptable 
ne*e. TTu* foctfeiaie* a «rfact«n in the. hardware a, the. number H voltage. 
&veA « tne coixm« waue^tm can 6e restricted as in the. case „f HAT. The. 
Uade-oM between the. hardware comp/exAy and tne .eWiozg 4e /ec«on *itfo 
■a* we« ai t/ie iupp/j, voyage tenement & analyzed £n inu 4 ectfo«. 

3.4.7. Background 

The number oi voltage levels in the column wavefani („ ] can 
6e te6£«cted 6y grouping the numbzr ol mismatche.6 \i) and pigling a 
column voltage fa each group. The. value, ol n^ can be restricted to ' 3 
« the case, ol even I and 4 in the ca*e otf odd-/ «*tead of M+j) <n tne' 
^e of ZtfAT. This teadi £ 0 a / ou , et 4e fect£on ia« 0 ai compared to that 
ol IHAT. -An optimum grouping ol mismatches with a minimum degradation 
in the Miction ratio, can be arrived at by an exhaustive search ol ail 
the possible groupings fa each I. 

3.4.2. Techniques 

The. technique fa even values ol I will be relerred to as IHAT -S3, 
iince the. number ol column voltage*, ii restricted to 3 here. Thii technioue 
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ii> Umi'ta-x to IHAi except. hoi thz cAo-cce Oq a column voltage. [V ] a.6 givzn 



- V 



m 



m 



o'ot 0 ^ i ^ m 
hoi m<ri< \l-m) 
hoi [l-m)<.i ^ ^ 



(3.704} 



The )iu.m6et column vottagzb i6 tZitiictzd to 4 in thz caie o& 
odd valuZh o& I and will bz iz{znzd to a.6 1HAT-S4. Hzxz again, the. technique, 
ii iimilai to WAT except '£oi the. choice, oh a column voltage. (f c ) ah givzn 
bzlovu:- 

ivi 0^ i ^ ml 
. lox ml<i<[in) 

hoi U/Z)< i < U-ml) 
hoi U-ml) z£ i < I 



V. 



U 



ml 



V 



m2 



+ V 



[3.105] 



ml 



+ V 



ml 



3.4.3. AnalyUi 



Caie. 1: IHAT-S3 



ThiZZ gtoupi, covziing the. lange, 0 to I aiz foamed whzn thz value, 
oh I i6 zvzn and aie. izpizizntzd ai givzn bzlovj:- 

(OJ,...,m) ; lm+7, ,l-m-l) ; [l-m ; , I) [3.106] 

The. numbzi oh zntiizL in thz ^iiht and thz la6t gioup aiz choizn to bz 
equal hz\Z Uncz thz numbzi oh ziioii can bz minimizzd by a piopzi choicz 
oh thz polarity oh thz column volta'gz. Thii ii iimilai to thz othzi tzchniquzi 
di&cuiizd zailizi. 

Lzt thz column voltagzi bz V g y V ^ U g3 ' ie - i P ec -^' u C.^ &o\ thz 

thxzz gioup*.. Thz hollowing comtiainti aiz impoizd on thziZ voltagzi ba&zd 
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EXPERIMENT A L WOUK 

4.1 APPROACH TO -REALIZATION 
BAT 

4.1.2 HATi 

4.1.3 -RPAT-4 

4.2 IMPLEMENTATION 

4.2.1 BAT 

4.2.2 HAT 

4.2.3 IHAT 

4.2.4 IHAT-S4 

4.2.5 KPAT-NC 

4.1.6 'RPAT-PC 



4.1 



4. EXPERIMENTAL WORK 

A numbzi o& new addiZiiing technique.*, £01 multiplzxing matrix LCVi 
.with imi izipomz have. bzzn piopoizd in the. pizvioui chaptzi, along with 
the. thzoiztical anatyiii in each ccue. Thz haidwaiz tzalization o£ iome 
oi thziz tzclvuquzi, viz., BAT, HAT, IHAT, IHAT-S4, RPAT-NC:and RPAT-PC 
U takzn up in ihii chaptzi, in vizw o|J thz impoitancz o& the. iamz. The. 
block diagiami ' o£ the. diiplaij iyitzmi uiing thziZ addiZiiing tzchniquzi 
and the. appioach to thz.ii izalization aiz diicuiizd £int. Thib if, lollowzd 
by thz dztaili o& the. implzmzntation and diicuiiion o& thz tziu.it>, obtainzd 
by uiing thziz tzchniquzi. 

4.1 APPROACH TO REALIZATION 
4.1.1. BAT 

Thz EAT ii iuitablz £01 iinglz low cdphanumziic diiplayi, ivhziz 
thz numbzi o& linzito bz multiplexed W) ii imall [Appzndix 6.a). 

a.) Block diaqiam 

Thz block diagiam o& a diiplay bijbtzm u6ing BAT ii i/iouw in Fig. 4.1. 
Thz chaiactzi intimation ii itoizd in thz mzmoiy. Thz itandaid ASCII 
code ii uizd £01 itoiing thz alphanumziic chaiactzu to bz diiplayzd. Thii 
intimation in thz mzmoiy ii updatzd thiough thz intzi^acz, which connzcti 
thz diiplay to an input zquipmznt [computzi, kzyboaid, etc.) depending 
on thz' application. Thz Chaiactzi Gznziatoi (CG) convziti thz ASCII code 
to pixzl intimation. A cobimn-wibz output ii izquhzd hoi thz BAT. Thz 
2^ loiv-bzlzct pattzini izquiizd £01 BAT a.iz obtainzd £iom thz Sequence 
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Gznzxatox [SGI Thz Column Signal Gznzxatox IC5G) compam £Ae rfata 
^ ^ ° G thz ^zlzct pattzxn SG Wi-f^WC S e*e^ 4 

t*e .fata iox thz Column Vxivzx, [CVl Thi, xzquixz, a majority dzciUon 
a, ducu^zd in action 3.1.2. Thz Row Vxivzx* 0 £, ta&l tt e , we kct 

patten <wm SG. Tk patte™ anrf t*e eoAimn data^Aoa^ 6e 

lMa " eOUi/!/ W*""< *° tht matrix display. Thi, U eWted 6y piou*tf&, fl - 
a 6^et and ^ c /r « 6otf tt e xow coto d«u e «. Tfce Cohtio/ Io 5 <c 
(CD *f/ncA««« e4 tte dhplay xzixzih, by grating thz appxopxiatz addxzu 
and control iignali uting a clock. 

6) Approach to Rzalizatinn 

Thz pouiblz ^alization oi thz vaxioui blocki along with cdtzxhativZL, 
ii any, axz dhcuuzd bzlow. 

Cha.tac.tzx Generator (CG) • ' 

Thz izgmznt or pixzl intimation oi thz alphanumzric chaxactzu 
& itorzd in thz CG. An UV-EVKOM, EEVROM or ROM could bz u^zd hzrz 
dzpznding on thz application. 

Szquzncz Gznzxatox [SG] 

An H-bit binaxy countzr gznzratzi all thz 2 N combination*, oi row- 
iZlzct pattzxn* xzquixzd ior thz BAT. Howzvzr, thz irzquzncy o^.thz countzr 
output* [row wavziormi,) incxzaizt, ixom MSB to LSB by a iactox oi two 
iox Zach bit. Tha laxgz variation in thz ixzquzncy oi thz xow addxzuing 
waverfotnu will Izad to bxightnzu non-uniiormity hi thz pixzly [contxait 
vaxiation) . ai diicuuzd in izction 2.4.3. OJhilz thz uie oi Gxay-codo. will 
bz hzlpiul to xzducz ixzquzncy vaxiation in thz xow wavziormi, thz Vhzudo 
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Random Binauj Sequence {PUBS) is a better alternative {or the SG. The 
VRBS and its delayed versions have identical wave shape and he.net identical 
faz.que.nci/ components But, these sequences have only \Z N -1) statu and 
they do not mctude the state with all ze« 4 . A sequence generator u>ith 
all the 2 N states can be obtained by insetting the state with N zeios 
in the VRSS generator [79]. Such a sequence generator {or two vaiuei 
o{ hJ, viz., hi = 3 and 5 are shown in Fig. 4.2 as examples. 

Column Signal Generator [CSG] 

The -row-select and the data patterns are computed bit-by-bit using Exclu- 
sive-O-R gates The column voltage is decided using a majority decision 
as discussed in section 3.1.2. The majority decision can be implemented 
using gates, multiplexer or adders. Programmable. Logic Array [P LA) and 
UV-EPKOM axe the other possible alternatives (Jot the CSG. Here, both 
the bit-by-bit comparison and the majority decision can be absorbed into 
a single block. 

Attematives {or CG and CSG 

The CG and CSG can be combined into a single block and can be 
realized using a single -ROM, UV-EPV.OM or EEPROM. The column signed 
can be dhectly stored {or ail the combinations o{ row-select patterns, 
column data and the characters. 

"Drivers 

Vriver Id commonly used {or directly driven displays are suitable 
{or BAT. The Schematic o{ a typical driver 2C -a shown in Tig.4.3. The 
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ExcAitfve-OR gate* «e pWed to e „aWe phatz-nvziAal, in ordzr to e* 4 u,e 
a cfc-fcee opetafon. Sat, ai tfce SAT feu a natural dc-irzz opetat^n | 
dfccwaed in action 3.7) tAe pfcue control input o{ thz ^EX-QK gatzi 
bz permanently tied to logic 0 or 7. Alternatively, the driver* eon be implz- 
mzntzd uung ihi&t rzguter* and latchzi. Thz Izngth oi thz ^ ^ 
and thz nambzr oi latche* required in thz row and column driven, & e <>u^ 
to tAe nwmbzr oi row and column addrzu linzh rz6pzctivzly . 

4.7.Z. Hybrid AddiziUng Tzchniquzh [HATb] 

Thz HAT Uee Appendix' 6.b) ^ IHAT, 1HAT-S3 and 1HAT-S4 di6cuuzd 
In chapter 3 havz many common ieaturei, uncz thzy aiz bated on thz 
iamt principle. Thz bauc diUzrence between theie technique* i* thz number 
oi voltage level* in thz column wavefarm* a* ihotun in Tablz 3.19. Hence 
tht block diagram and thz approach to realization oi thz diUerent ver*ion* 
oi HAT axe di*cu**ed here. 

o.) Block Diagram 

Thz block diagram oi thz display *y*tem uung HATi ii *hown in Fig. 
4.4. Thz iniormation to bz deployed ii, itored in thz mzmory and thih 
can bz updatzd through thz interiacz. Thz data to bz diiplayzd in thz 
*elected iub-group oi row* [I .row*) i* loaded into thz -Re-Circulating Kzgi- 
ittr [-RC-R.) temporarily, ior comparing it with thz row-izlzct pattzrn. 
Hzncz thz *iz.Z oi thi* leaiiter i* UM biti. Thz SzquZncz Generator [SG], 
generate* Z 1 / l-bit row-*elect pattern*, far selecting I addreu line* in thz 
ielzcted *ub-group. Thz Column Signal Gznzrator [CSG) compare* thz 
column data pattern in the ietected hub-group oi row* bit-by-bit with the 
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xow-izlzct pattern and oznzxatei thz data fax th<L column diivzxi. Thz 
Sub-Gxoup Szquznczx [SGS) dztz-.minzi tte * adchew & M ei to. 6e ietecied 
w ^ y ^ta 5 e.i coxxziponding to thz l-bit xow-izlzct pattern. Thz. data in 
the. kc-R coxxzipondi to thziz ie.le.atzd addxzu linzi. The. Voltage. Lzvzl 
Ge.nz-La.toi [VLG] ii uizd to gznzxatt thz vaxioui voltage. Izvzti in thz xow 
and column addxzhiing wavzfaxmi. Thz -Row Vxivzxi [RV] axz connzctzd 
to the, xow addxzu .linu o& thz display and thz xow voltagz* axz contxollzd 
by thz xow-izlzct pattzxn obtained {iom SG and SGS. Thz Column Vxivzxi 
\CV) axz connzctzd to thz column addxza line.!, and thz column voltage.i 
axz contxollzd by thz column ugncd^xom thz CSG. Thz contxol logic govzxni 
thz opzxation o& thz vaxioui iub-blocki dzicxibzd abovz and iynchxonizzi 
thz ilow o£ infaxmation fax xzixzihing thz diiplay. 

Thii block diagxam ii common fax thz hybxid addxziiing tzchniquzi, 
viz., HAT, MAT, 1HAT-S3 and IHAT-S4 diicuazd in chaptzx 3. Thz pximaxy 
di&faxzncz bztwzzn thziz tzchniquzi ii thz numbzx o{> voltagz le.vzli in 
thz column wavzfaxm.Thii givzi xiiZ to diUzxznt valuzi oi xzlative. V IV 
iox thdiz tzchniquzi,. Thz di&faxznczi in thz implzmzntation o£ thz fallowing 
blocki dzpznd on thz paxticulax vzxiion o& HAT ai diicuazd bzlow:- 

- VLG. Thz numbzx o& voltagz Izvzli gtnzxatzd iox thz column dxivzxi 
dzpzndi on thz gxouping orf zxxoxi in thz addxziiing tzchniquz. Thz 
numbzx orf voltagz Izvzli ii 2, \l+}), 3 and 4 fax thz HAT, WAT, 
1HAT-S3 and IHAT-S4 xzipzctcvzly. Thz xzlativz amplitudzi oi thz 
column voltagz*, with xzipzct to that o& V , alio dzpzndi on the. tzch- 
niquz ai diicuiizd in chaptzx 3. 
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data. Thz -RC-R ii pxovidzd only fa thz ecue o& acczaing thz iamz data 
xzpzatzdly and ii optional. An l-bit bufazx ii adzquatz, ii xzpzatzd mzmoxy 
accza can be. accommodatzd to iztch the. data from thz mzmoxy. 

Szquzncz Gznz-^atox [SG] 

Thz SG gznzxatzi ail thz l l , l-bit xow-izlzct pattzxni xzquUzd fa 
izlzcting a lub-gxoup. Thz SG can bz an l-bit binaxy countzx, G-icuf code 
gznzxatox ox VRBS gznzxatox with Z l itatzi ai diicuuzd zaxlizx fa BAT. 
Hzxz again, a Gxay code gznzxatox 01 TUBS gznzxatox ii pxzfaxzd to 
achizvz thz bxightnza unifcoxmity oi thz pixzli. 

- Column "Signal Gznzzatox \CSG) 

Thz l-bit data ixorn thz 7?C"R 'and .thz. l-bit xow-izlzct pattzxn from 
thz SG axz compaxzd bit-by-bit to dztzxminz thz numbzx o& zxxoxi. Thz 
column voltagz dzpzndi dixzctly on thz numbzx oi zxxoxi in THAT. Thii 
valuz ii tianimittzd to thz column dxivzxi fa a pxopzx choicz oi thz column 
voltagz. Thz numbzx oi column voltagzi ii xzi.txio.tzd to 1, 3 and 4 in HAT, 
IHAT-S3 and IHAT-S4 xzipzctivzly by gxouping o( zxxoxi in CSG and an 
appxopxiatz iignal ii txanimittzd to thz coiumn dxivzxi. 

- Voitagz Lzvzl Gznzxatox (VLG) 

Thz vaxioui voitagz ' Izvzli xzquixzd fa thz choizn addxziiing tzch- 
niquz axz gznzxatzd by potzntial diviiion uiing a xziiitox nztwoxk ai ihown 
in Fig. 4. 5 iox IH AT -S4. Thz xatio bztwtzn thz amplitudzi oi thz xow and 
column voltagzi ai dzmandzd by thz addxziiing tzchniquz ii zniuxzd by 
a pxopzx choicz oi thz valuz oi thz xziiitoxi. Thz potzntiomztzx ailooji 
fa changing thz abiolutz valuz oi thz xow and column voltagzi ujithout 
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. citing £fte« vtioi. Optional bu&fa 'amplifa* can bz ut,zd fa thz 
and column voltage to reduce thz tou.cz impzdancz and it, ztpzclally 
uizfa in laigz-aiza dihplayt,. 

Column t?-uvzu I CD J 

Analog muitiplzxzu axz uied in thz column diivzu to twitch thz 
di^faznt voltagz6 dzpznding on thz ugnal from thz CSG. Thz ^hzmatic 
o{ a. typical CV fa H ATI it, ih ou,n in Fig. 4.6. Thz column ugnal from 
CSG ii tziially ihitfzd into thz izgUtzi. Thz numbzi o{ bit, \ n ) 

fa zach column dxivzt depend* on thz' addling tzchniquz. Thz uaftxe 
H « c U 1 fa HAT, log 2 ^oundzd o££ to thz nzxt highzi int^gzi fa 

1HAT and 2 fa I HAT -S3 and IHAT-S4. Thz Izngth o^ thzt,z ttfl £*te« U 
iqucd to thz numbzz o& colu.mni in thz display, i.z., M. Thz iou>-6zlzct 
pattzm applizd to thz ie/ected lubgioup and thz column vottagzt, «£ iyn- 
chionizzd u6ing a bu^fa xzgutzi. Thz Uzz o£ thz buifa izgiUzz it, thz 
iame at, that t>i thz t,hifr izgatzi. Analog multiplzxzx o£ thz typzt, 2:1, 
7,3:7 and 4:1 aiz izquhzd fa HAT, 1HAT, THAT -S3 and 1HAT-S4 
Kipictivzly to dW zach column in thz duplay. Thz column voltagZ6 
aiz dziivzd from thz ULG. 

- Row Vxivzih 

Thz HATi izouhz onz otf thz thizz voltagzi, viz., -U , 0 and +U 

i i 

lot 0, and 2V x fa unipolar addizuing wavzfami.) ThziZ voltagzt, axz 
iwitchzd uung a 3:1 analog multiplzxzi. Thz xowi in thz unt>ztzct<Ld iub- 
gxoupt, gzt a voltagz 0 and thii it, conUollzd by a iinglz bit from thz SGS. 
Thz voltagz, ±U t to bz applizd to thz iow6 in thz izlzctzd 6ubgioup aiz 
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canted by an additional bit 6 ox each xow fam thz Szquzncz Ge«^ 
Alternative the. xoco-szlzct partem from thz SG can bz shiitzd 

to tV z . Only a 2:1 multiple controlled by SGS is xzquixzd hzxz u compa- 
re/ to a 3;7 miOtipkxu in thz previous casz. Thz total numbzx o{ muXi- 
pizxzxs xzquhzd is zqual to thz numbzx oi xows in thz display, i.z., hi. 
Thz thxzz voltagz IzvzU xzquixzd hzxz aiz dzxivzd from thz ULG. 

- Sub-Gxoup Sequence.* {SGS) 

Thz SGS dzteiminzs thz szquzncz in which thz Subgroups «e izlzc- 
tzd. This in its simplzst ioxm is a \ ing countzx H izngth [N/ll rAe SQS 
can bz haxdwixzd &oz a succzssivz ox random tzlzction o£ thz Subgroups. 
Ho wzvzr, thz control logic should bz designed to placz thz data "corre- 
sponding to thz selected subgroup in thz column drivers. A digital de-multi- 
plexer can bz used ai an altexnativz to thz xing counter. 

- Control Logic [CL) 

Thz contiol logic govzxns thz How oi intimation and synchronizes 
thz various blocks m thz display system. Thzy can bz implemented using 
gates, {lip-^lopi and counters. 

4.1.3. -RVATi 

Ai already discussed in izction 3.6, thz selection ratio oi -RVATi 
ii indzpzndznt oi the. matrix size. This enhanczs thz usziulnzsi oi LCVs 
loi displaying multiple uiavziorms in' oscilloscopes, Logic Analyzers and 
other display applications without Sacxiiicing thz high xesolution xzquixzd 
in iuch displays. 
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arz ihown in Fig.4.15. Thz SG baizd on Gray code and thz izquzntial bann- 
ing orf iubgroupi wzrz iound adzquatz to givz a good pixzl brightnzn uniior- 
mity [without any contrait vacation) ai it ii zvidznt from thz photographi 
oi Fig.4.15. Thz photographi oi a 32 k 32 matrix diiplay [having thz iarnz 
ipzc.iiicM.tion oi thz display addrzazd with HAT) addrzazd with 1ATT arz 
ihown in Fig. 4. 16 ior a compariion. Thz brightnzii non-tmiiormitt/ oi pixzli 
addrzazd withlATT dzpzndi on thz imagz bzing diipiayzd and thii -ii Uluitra- 
tzd in Fig.4.16. Thii-non-uniiormity can zaiily bt idzntifczd by obizrving 
thz grzy izvzl oi thz background pixzli. Thz brightnzii uniiormity oi thz 
pixzli in thz diiplay addrzazd with HAT ii iupzrior ai compared to that 
o^ IAVT although thz contrait ii lowzi ai comparzd to that oi 1AVT ai 
ihown in Fig.4.15 and Fig.4.U. Typical addrzaing wavziormi applizd to ' 
thz zow and column oi thz matrix diiplay ai wzll ai thz typical wavziorm 
acxoa thz ON and OFF pixzli aiz ihown in Fig.4.17. Thz imi vottagz acroa 
thz. ON and OFF pixzli wzrz mzaiutzd uiing HP 346? A, Logging mutti- 
mztzr capablz oi mzaiuring truz-rmi voltagzi. Fig. 4.1 8 givzi thz plot 
oi rmi voltagz [acroa ON and OFF pixzli) vi. iupply voltagz. Thz thzorzti- 
cal curvzi in thii plot aiz obtainzd uiing zqm. [3.46] and [3.37). ThZiZ 
curvzi arz' providzd ior a compariion with thz zxpzrimzntal rziulti. Thz 
valuz oi thz izlzction ratio obtainzd from thz mzaiurzmznti agrzz with 
thz thzorztical valuz within tlh. 

4.2.3 THAT ^ 

Thz 1HAT ii dzmonitratzd uiing a 64x64 matrix TN LCD. 



BNSDOCID: <XP 2240917A__I_> 



. 4.3?'' \ - . 




Fig. 4. IS. Photogiaphi 
~(/V = 33 and 



0(5 a d'aplay additiitd with HAT 
I --3J. 




Fuy. 4.16. Photo giaphi o^ a diiplay addi<Lh>><Ld with \APT 
IW = 32) . 
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HAT with N = 33 . 1=3 
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Fig. 4.1 Z. ExpiiimfLntal leiu/ti oi HAT, with N = 33 and 1 = 3. 
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4Kx8-bit UU-EPnOM. An EPROM h utzd hzzz, uncz tAe dhplay ^tzm 
h dzugnzd only to dzmon6Uatz thz WAT. A HAM and suitable, intzziacz 
muAt bz pzovidzd in ca,z thz dhplay h to bz U 6zd a., a pzxiphzxal dzvicz. 
A 7-bit data in a. bytz oi thh mzmouj coxxuponcU to thz pixzl iniozmaiion 
oi a column in a iubgzoup. Thh data ioimat zliminatzi thz nzzd rfo* a 
pazallzl to izzial Conxion, which h izquhzd i£ thz pixzl intimation 
h itozzd zow-whz. Thz {hit 6-biti oi thz addzzu input to thz mzmozy 
conupondi to thz 64-colurryn, in thz maUix dhplay. Thz nzxt 4-biU cbzzz- 
Ipohd to thz ninz lubgzoupl oi zow, in thz mattix dhplay. Thz Gaining 
2-biU „e uizd to tzlzct onz oi thz louz ' framz, Uozzd in thh mzmozy. 

Thz 7-bit paxallzl data from thz mzmozy h loadzd into thz Kz-cizcu- 
lating Kcghtzx (RCTZ). Thh h implzmzntzd uling izvzn CV 4031, 64-Uagz 
Static Shiit -RtgUtz^. Thz data in thh KCK eemupond* to thz lubgioup*. 
oi zowi to bz izlzctzd nzxt. Thz modt-contzol and thz clock ioz thz CV " 
403H aiz gznzzatzd in thz contzol logic. 

Thz Szquzncz Gznzzatoz h implzmzntzd uling CV 4040, 12-Uagz 
Kipplz-Cazzy Binary C ountzz/Vividzz and CV 4070, Quad Exctuuvz-Q-R 
Gatz a* ihown in Fig. 4.1 9. Thz output izquzncz cozzzipondi to a 7-bit 
Gzay codz. 

Thz Column Signal Gznzxatox [CSG) h implzmzntzd tiling CV 4070 
and CV 4008, 4-Bit Full Addz*. Thz 7-bit output from thz "RCR h compa- 
KLd bit-by-bit with thz zow-izlzct pattern [KS0-KS6) uUng thz ExetowVe-OR 
flate*. Thz 'numbzz oi zzzou [logic 1 at thz output oi thz ExclaUvz-OR 
Sate) h counted uung two CV 4008 a, thown in Fig. 4.1 9. Thz unu6Zd input 
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oi the. addex6 axe connected to logic 0 and it ii important to note, that 
all the. inputi to theie addeu have equal weightage. The 3-bit output, viz., 
X[n), V[n)'and 2[n) oi the adde.x give.i the number oi exxoxi [which xangei 
ixom 0-1 depending on the xow-ielect patte.xn and the data to be diiplayed 
in a. column oi the selected iub-gxoup). 

The Column Vxivzx coniiiti oi iUty-ioux CV 4051, Txiple 2-Channe.l 
Analog ^ultiplzxex/Vemutliplexex and iix HV 44100, LCV Vxivzx. with 
40-channel outputi. It ii, important to note that the HV 44100i axe uied 
hexe only to dually ihiit in the. data from the. CSG and to batch them 
in parallel, uiing the ihiit xegiitzx and the latch available in the HV 441001. 
They axe not uied a* LCV dxive.xi ' iince HV 44100 can iwitch only two 
voltage, level* coxxeiponding to the 1-bit data in the latch while the. 1HAT 
xequixei S-vottage levels to be iwitched in thii application ai diicuaed 
eaxliex. The CV 4051 ii uied to 6witch one. oi the eight voltage, leveli 

The xow-ielect pattexn ii le.v el- ihiit e.d uiing CV 4054 to ioim the 
■Row waveioxmi [-RW6--RW01. Theie. waveioxmi axe. applied to the elected 
iubgxoup oi xowi and theix amplitude a eithex -V ox +V depending on 
the xow-ielect pa.tte.xn. The. xow waveioxmi axe hynchxonized with the. column 
waveioxrm by latching the xow-ielect pattzxn coxxeiponding to the. data 
in the column dxivexi into the CV-4054 iimuttaneouily ai the column data. 

. Twenty-one CV 4053, Txiple 2-channel Muttiplexex/Vzmuttiplexex 
axe uied ai Row Vxivexi {KV). The CV 4.053 eithex connecU one. oi the 
waveioxmi [-RUJO -V.W6) ox the. voltage level 'O' ixom the ULG dcpend- 
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ing on thz contxol 6<iom thz Sub-Gxoup Szquznczx (SGS). Thz ioum in thz 
izlzctzd^ hubgxoup axz connected to thz xow wavzboxmi, while, thz xowi 
in thz unhzlzctzd iubgxoupi aiz connected to thz voltagz Izvzl 0 ai diicuuzd 
in izction 3.3. 

Thz Sub-Gxoup Sequence* [SGS) ii implzmzntzd u&ing CV 40}?, Ve.ca.dz 
Countzx/Vwidzx with 10 Decoded Vzcimal Output},. Thz SGS izlzcti 1 o& 
thz 9- iubgxoup ob xowi. Thz SGS ii iynchxonizzd with thz addxzu input 
ob thz mzmoxy, ho that thz data in thz column driven coxxzipondh to thz 
hzlzctzd hubgxoup. \[ -\i i ^ ^ 

Thz xatio U il /U q 'box N = 63 ii calculated from zqn. [3.84). Thz xzlativz 
magnitude ob thz column voltage axz at, pzx zqn. [3.85) and aiz hftown 
in Tablz 3.9. Thz V LG implzmzntzd uiing tximmzd xziihtoxi, with thzix 
valuzh accuxatz to ± l ohm ii hhown in Tig. 4. 19. 

Some impoxtant hignalh gznziatzd in thz Contiol Logic (CI) box a 
pxopzx bunction ob thz vaxiouh blocki in thz dihplay hyhtzm axz givzn bzlow.- 

- lZ~bit addxzu to thz HN 462532 box xzading thz pixzl inboimcction 
(Jtom thz mzmoxy. 

CL, thz clock to CV 4031 i. 

MC,.t/ie mode contxol to thz CV 4031h to load thz datoL-from HN 
46 2532 ox to xzcixculatz thz data in thz CV 4031 i. 

CL2, to HV 44100h to izxially bhibt in thz data bxom thz CSG. 
CL1 to load thz data into thz latch ob HV 44100. 
Clock to thz CV4040. 
CLK, thz clock to CV 4017 . 




4.46 



Thz CI ib haxd-wixzd fax thz following xow-bzizct bzquzncz:- 
Eac^bu^^Qxou^ 

next^bub^xo^ v, ^ , 

The iufagtoapi ate ie/ectea" bzquzntially onz atftet thz othzx. 
Thz CJL hai ilzxibility [bwitch bzlzctablz) to change, the. faux xow- 
bzlzct pattzxn zithzx when a new bubgxoup ib bzlzatzd ox at the. end 
o& bztzcting all the nine.- bub gxoupb. The., bubgxoupb ate. izle.ct2.d_e.aah 
tlmz fax a duxatian o& appxoximatz ly .1 mb . Although t/te timz xzqui- 
xzd to complztz a cyclz ib appxoximatzly J20 m b. no filickzx ib obbzx- 
vzd bincz thz bubgxoupb axz bzlictzd a^tzx zvzxg^ljuxnb- 

3.7 < "7 X J ->- 

c) ~Re.6u.ltl 

Thz photogxaph o& thz 64x64 matxix TNLCV, addxzbbzd ubing 1HAT 
axz bhown in Fig. 4.20. Thz uppzx photogxaph in- thz faguxz illubtxatzb thz 
contxabt vaxiation in TNLCVb with thz vizwing anglz ab wzll ab the intznbity 
0(5 light Raiting on it. Thz lowzx photogxaph in thz barnz fag uxz illubtxatzb 
thz bxightnzbb unifaxmity o{> thz pixzlb in thz display addxzbbzd with 1HAT. 
Both thz bcanning bzquznczb dibcubbzd abovz havz xzbultzd in a good pixzl 
b-xightnzbb unifaxmity. Typical addxzbbing wavzfaxmb applizd to thz xow and 
column 0(J the matxix. LCD ai wzll ai the wavzfaxmb acxobb thz ON and 
OFF pixzlb axz bhown in Fig. 4.21 . Thz xmb voltagz acxobb the ON and OFF 
pixzlb wzxz mzabuxzd ubing HV3467A, a Logging multimztzx capablz oh 
mzabuxing txuz-xmb voltagz. Fig. 4. 22 givZb^thz plot o<$ xmb voltagz acxobb 
thz ON and OFF pixzlb vb. bupply voltagz. Thz thzoxztical caxvzb o& thib 
plot axz obtainzd by ubing zqnb. 13.99) and [3.9 1). ThzbZ caxvzb axz bhown 
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bi Typical column wa.ve.loim o£ IHAT . 
Fig. A.l\. LUavc&oimi o& IHAT whzn.N ' 63 and 1=7. 
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c) Typical wave.&o\m acton an ON ptxe/ in IHAT . 




d) Typical wavifaim actoii an OFF pixzl in IHAT . 
Fig. 4.21. Waveflotrnj ol WAT whzn N = 63 and I = ? . 



4.50 





1 HAT w i i h N = 63 , 1 =7 
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I HAT with N = 63. I =7 
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Fig. 4.22. Expzxcmzntat itiulU o£ 1HAT, with N = 63 and 1 = 7 
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iox companion with thz zxpzximzntal nuitti. Thz mzaluxzd valuz6 H thz 
tm * vottaat ' aCTOii th& P«*'* tewei Man tte- thzonUcZ valuzi. Tha 
may bz attxAated to t/,e tfmted WcuWtf, of tte mza.uxing buUumznt. 
Thz vaiuz 06 thz izlzction tatfo 0 6t«Uned rftom t/ze mea to eme„f 4 a 5 ,ee 
wtffc tte thzoxztical valaz within ± 7%, although thz xm6 uotfage actow 
t/.e OA/ and OFF p«e& a,e fou/et than thz. thz optical valuz, a* ihown 
01 Fig. 4.22. 

4.1.4. 1HAT-S4 

Thz IHAT-S4 a dzmonitiatzd uung a 64x 64 mat 1 Ik TNLCV. 
a) Vhplaif - 

Thz 6 P zci6icatio>n o& thz 64 k 64 matrix.. TNLCV aiz thz 6amz ai 

that oi the. duptcuj uizd &oi thz dzmonitxation oi IH AT. Thz valuz oi I 

U cho6zn to be 7 10 that thz \z6utti o& IHAT and IHAT-S4 can bz compa- 

xtd. Thz value, oi N « again 63. Thz bzit pouiblz valuz &01 N , when 

Zq 

I'? U 123ZU/215) ai ihown m Tablz 3.16. Thz hzlzction xatio iox N = 63 

u 1.130, which ii 99.5% oi thz maximum Oahz pouiblz [uiing IAPT ox 

WAT). Howzvzx thz iupply vottagz xzquixzmznt oi 1HAT-S4 U 5.13 V , 

th' 

which ib only 7 5.9% oi that oi IAVT [Tablz 3.1 S). 
b) Haxdwaxz 

Thz haxdwaxz xzalization oi IHAT-S4 U thz lamz ai that oi IHAT 
except io\ thz ioliowing blocks- 
Column Signal Gznzxatox (CSG) 
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